CASE REPORT
===========

A 49-year-old man was admitted to Pusan National University Hospital with complaints of squeezing chest pain and drowsy mentality. His systolic blood pressure was 70 mmHg, and his heart rate was 120 bpm. Computed tomography revealed acute type A aortic dissection (ATAAD) that involved the aortic arch and the descending thoracic aorta ([Fig. 1](#F1){ref-type="fig"}). An emergency operation was performed. Regional cerebral oxygen saturation (rSO~2~) was monitored upon arrival at the operation room, and it was maintained during surgery using an Invos system (Somanetics, Troy, MI, USA) ([Fig. 2](#F2){ref-type="fig"}). The arterial perfusion line was placed on the right subclavian artery that appeared to be visually normal. After initiating cardiopulmonary bypass (CPB), adequate blood flow was obtained, and the patient\'s vital signs stabilized. After aortic cross clamping, the ascending aorta and the aortic valve were observed through aortotomy. An intimal tear was located in the ascending aorta, and the coaptation of the aortic valve was good. When the blood temperature fell to 27℃, the aortic cross clamp was released. Ascending and hemiarch replacement was planned because the visible arch and the descending aorta were intact. Selective antegrade cerebral perfusion (SACP) was initiated through all three arch vessels. The proximal innominate artery was clamped, and perfusion catheters were inserted into the left carotid and left subclavian arteries. The cerebral blood flow rate was maintained at approximately 600 mL/min. Then, the right rSO~2~ decreased abruptly, and it did not recover as compared to the left one. Despite declamping and rechecking the inside of the innominate artery, we found no luminal problem. As dynamic carotid artery obstruction was suspected, the operation was continued because such obstructions usually resolve after operation. Although the distal aortic anastomosis was completed and an adequate amount of blood flow to the branch of artificial graft was restarted, the right rSO~2~ did not increase. Diagnostic angiography was planned for blood flow assessment. We transferred the patient to the catheterization laboratory for angiography immediately after the operation. Another intimal tear on the proximal right common carotid artery, which was obstructing the blood flow, was identified using angiography. A 12×80 mm SMART Control Nitinol Stent System (Cordis Co., Bridgewater, NJ, USA) was inserted into the right common carotid artery ([Fig. 3](#F3){ref-type="fig"}). The right rSO~2~ promptly recovered to the same level as the left one. The total bypass time, aortic cross clamp time, and selective antegrade cerebral perfusion time were 227, 191, and 85 minutes, respectively. The patient was extubated on postoperative day 2 and discharged on postoperative day 13 without neurologic deficit.

DISCUSSION
==========

Despite advances in surgical techniques, the mortality rates of ATAAD have remained high in patients with brain malperfusion. Occlusion of the aortic arch vessels, which is propagated from the dissected aorta, commonly leads to neurological deficit \[[@B1]\]. The main factor causing malperfusion is the dynamic obstruction of the false lumen or hypotension itself. In most cases, this can be relieved by restoring sufficient true luminal blood flow via surgery.

In the present case, we described a patient who had ATAAD and a right carotid artery tear. The patient was treated via stent placement at the time of the surgery, using a hybrid technique. There are three important points to understand from this case.

First, whenever the patient\'s condition is acceptable, evaluations of the aortic arch vessels are essential for selecting the arterial approach for cardiopulmonary bypass in ATAAD involving the aortic arch. A previous study elucidated when the malperfusion occurs: 1) pre-surgery malperfusion, 2) malperfusion at the institution of cardiopulmonary bypass, 3) malperfusion occurring after aortic cross clamping, and 4) malperfusion postdistal aortic anastomotic construction \[[@B2]\]. Clamping the innominate artery for SACP may have caused injuries such as intimal tear and dissection, resulting in a reduction of carotid blood flow. This speculation is consistent with the fact that rSO~2~ dramatically decreased when SACP was initiated. Malperfusion, at the beginning of CPB, can be generated not only by retrograde perfusion via the femoral artery but also by antegrade perfusion via the subclavian artery. Therefore, precise radiographic evaluation should be performed to ensure adequate cerebral blood flow. If rSO~2~ drops at the time of CPB initiation, surgeons should promptly change the arterial cannulation site.

Second, rSO~2~ monitoring is a very reliable method to detect brain malperfusion. In addition, it is important to initiate monitoring before anesthetic induction to detect problems by observing serial saturation changes. Near-infrared spectroscopy (NIRS) provides continuous rSO~2~ monitoring and is a simple noninvasive method for monitoring cerebral perfusion. NIRS-guided SACP allows a safe approach to aortic arch surgery, and a unilateral progressive discrepancy in rSO~2~ indicates the occurrence of brain malperfusion. It is recommended that additional perfusion should be addressed immediately, when major hemispheric discrepancies appear \[[@B2],[@B3]\]. In our case, rSO~2~ did not recover at the end of the surgery. Thus, we immediately performed confirmatory angiography.

Third, if rSO~2~ drops without any apparent anatomic or procedural reason, diagnostic angiography, as a hybrid technique, is strongly recommended. As for the discrepancy in rSO~2~ in our case, even though aortic replacement was completed, we ascertained the luminal integrity of the innominate artery and suspected insufficient brain perfusion due to dissection or re-dissection of the carotid artery. Angiography is needed to confirm the status of the carotid artery lumen. In our case, we found a tear on the right common carotid artery and achieved rSO~2~ recovery through prompt carotid stent placement. After an open arterial stenosis, sufficient brain perfusion was restored, and no postoperative neurological symptoms developed. There are several published experiences with acute carotid revascularization in ATAAD cases involving the aortic arch vessels. In these cases, carotid stent placement was performed to recanalize the artery or seal an intimal flap, and a high success rate was achieved \[[@B4],[@B5]\].

In summary, in ATAAD patients with decreased mentality, preoperative evaluation of the aortic arch vessels, continuous monitoring of rSO~2~, and the use of a hybrid technique that involves confirmatory angiography for detected problems will reduce neurologic complications from brain malperfusion. In addition, if a hybrid operation room is available, surgeons can save additional time in finding and fixing vascular complications.
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![Preoperative computed tomography revealed aortic dissection involving (A) the innominate artery, (B) aortic arch, and (C) ascending and descending thoracic aorta. (D) Pericardial hemorrhage was shown at the level of diaphragm.](kjtcs-47-163-g001){#F1}

![The serial changes of right and left regional cerebral oxygen saturation are presented. rSO~2~, regional cerebral oxygen saturation; CPB, cardiopulmonary bypass; SACP, selective antegrade cerebral perfusion.](kjtcs-47-163-g002){#F2}

![(A) A patent IA and RSA but obstructed RCCA were revealed by angiography. An intimal tear occurred at the IA bifurcation site (arrow). (B) An angiograph revealed a well-deployed stent graft (arrow) in the RCCA. (C) Flow recovered in the RCCA (arrows) after stent insertion. IA, innominate artery; RSA, right subclavian artery; RCCA, right common carotid artery.](kjtcs-47-163-g003){#F3}
